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Outline of the Thesis 
Chapter I Introduction 
Recently, our research group first prepared BaTi205 (BT2) single crystal by a floating zone method and 
re~orted its ferroelectricity. BT2 has a high Curie tempera:ture (T* = 750 K) and a high permittivity (~ = 20000), 
showing a possibility as an alternative candidate of lead zirconium titanate. However, since BaTi205 shows the 
high permitiivity only in b-direction around the T*, how to prepare the b-direction oriented poly-crystalline bulk 
and how to extend. the high pennittivity in wide-ranged temperatures are necessary and important issues. On the 
other hand, since BaTi20s has a nature of growing along b-direction, melt-solidification, i.e. arc melting and 
floating zone melting should be the promising methods to obtain (O I O) oriented poly- and single erystalline 
 BaTi205. Furthermore, foreign element ･substitution has been reported as an effective way to control the Curie 
temperature and improve the p~rmittivity of BaTi03 in wi.de-ranged temperatures. However, no such research 
 was reported for BaTi205･ Therefore the purpose ofthis work is to prepare b-direction oriented poly- and single 
crystalline BaTi20s With foreign element substitution and to investigate the effect of the foreign element 
 substitution on the dielectrie properties of (O I O) oriented BaTi2Q~･ " - -
Chapter 2 Preliminary investigation 
Chapter 2 deseribed the phase diagram of BaO-TiO,_ system, research status of ferroelectric BaTi03 and 
BaTi20s, the preparation methods of melt-solidification; i.e., are melting and floating zone melting and the 
evaluation methods used in this study. 
,+ 
Chapter 3 Effect of Ba~ -site substitutions on the dielectric properties of BaTi205 
' 0+ 
In this chapter, the effects of Ba~ -site substitutions (A-site substitutions) on the dielectric properties of 
BaTi205 were inve~tigated. The b-axis oriented poly- and single crystailine (Ba,A)Ti205 (A = Sr, Ca or Mg) were 
obtained by arc and floating zone melting, respectively. For SrO and CaO substituted BaTi205, the lengths of a-, 
b- and c-axes first decreased and then kept as a constant with increasing the content of SrO and CaO, whereas for 
MgO substrtuted BaTI.05 the lengths of a-, b- and c-axes first increased, then decreased and fina]ly kept as a 
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constant with increasing the content of MgO. The Curie 
t~mperature of SrO substituted poly-crystalline BaTi205 
specimens decreased from 750 to 703 K with increasing R 
(= A / (Ba+A)) up to O. I O. The Curie temperature of CaO 
substituted poly-crystalline BaTi20s specimens decreased 
from 750 to 685 K with increasing R up to 0.10. . The 
,Curie temperature of MgO ~ubstituted poly-crystalline 
BaTi20s specimens prepared by arc melting decreased 
from 750 to 666 K with increasing R up io 0.0i . The Curie 
temperature of substituted specimens prepared by FZ 
showed almost the same trend with that prepared by arc 
melting. The Curie temperature of SrO ~ubstituted single 
crystalline BaTi205 specimens decreased frdm 750 to 742 
K with ipcreasing R up to 0.03. The Curie temperature of 
CaO substituted single crystallin~ BaTi205 specimens 
decre~sed from 750 to 73 1 K with increasing R up to O.Q3. 
The Curie temperature of MgO substituted 
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poly-crystalline BaTi205 specim,ens prepared by FZ decreased from 750 to 705 K with increasing R up to 0.005. 
Figure. I showed the e~ect of the Ba2+-site substitution eontent ori the maximum peimittivity of the (Ba,A)Ti205 
specimens. The maxiinuin permittivity of~oly-crystalline BST2, ~CT2 and BMT2 shbwed a highest value at R = 
0.01, 0.03 and 0.005, respectively. The highest values of the maximum permittivity for both arc- and FZ-melted 
(Ba.A)Ti20s specipaens were shown iri Table I . The electrical conductivity bf (Ba.A)ti20~ was lower than that ot 
 BaTi20s･ The ferroelectricity of poly-crystalline BST2, BCT2 and BMT2 (P* = 2.c, I .6 and I .8xl0~2 Cm~2 
respectively) vias iripro~ed compared with that of BaTi205 (P* =1 .3x I 0~2 Cin~2). 
Chapter 4 Effect of Ti4+-site substitution~ on the dielectrie properties of BaTi205 
In this chapt~r, the effects of Ti4+-site substitutions 
(B-site substitutions) on the dielectric properties of 
BaTi205 were investigated. ' The b-axis oriented poly-
and single crystalline Ba(Ti,B)205 (B = Zr or Ta) were 
obtained by arc and floating zone melting, respectively. 
For Zr02 substituted specimens the l~ngths of a- and 
c-axes increased first and then kept as a constant, the 
b-axis length almost kept as a constant with increasing the 
content of Zr02. For Ta20s substituted specimens the 
a-axis length increased first and then kept as a constant, 
the lengths of b- and c-axes almost kept as a constapt with 
increasing the content of Ta205. The Curie temperature of 
Zr02 Substituted poly-crys~alline BaTi205 specimens 
decreased from 750 to 465 K with increasing R (= B / 
(Ti+B)) up to 0.10. The Curie temperature of Ta205 
substituted po]y-crystalline BaTi205 specimens decreased 
from 750 to 300 K with increasing R up to 0.05. The 
ee*~ 
>:; 
1*_ 
> 
:55 
:s:s E~ 
~ 
G, 
~ 
5000 
4000 
3000 
2000 
1000 
o
 
o 
o 
e 
o 
o 
o 
o 
Zr 
Ta 
Fig. 
o o.02 o,04 o.06 o.08 0.10 
Content of substitutions, R 
2 Maximum permittivity of poly-crystalline 
Ba(Ti,B)205 prepared by arc melting. 
- 648 -
~
 
~
{
 
)
 
Curie temperature of substituted specimens prepared by FZ showed almost the same trend with that prepared by 
arc melting. The Curie temperature of Zr02 substituted single crystalline BaTi20s specimens decreased from 750 
to 707 K with increasing R up to 0.01. The Curie temperature of Ta205 substituted poly-crystalline BaTi205 
specimens prepared by FZ decreased from 750 to 608 K with inereasihg R up to 0.005. Figure 2 showed the effect 
of the Ti4+-site substitution content on the maximum permittivity of the Ba(Ti,B)205 specimens. The maximum 
permittivity of poly-crystalline BT2Z, and BT2T showed a highest value at R = 0.005 and 0.0025, respectively. 
The highest values of the maximum permittivity for both arc- and FZ-melted Ba(Ti,B)205 specimens were showa 
in Table I . The electrical conductivity of Ba(Ti,Zr)20s Was lower than that of BaTi205 while the electrical 
 conductivity of Ba(Ti,Ta)205 was higher than that ofBaTi205･ The ferroelectricity of poly-crystalline BT2Z, and 
BT2T (P* = 4.9 and 2.1xlO~2 Cm~2 respectively) was improved compared with that of BaTi205 (P* =1.3~10~2 
C m~2) . 
Chapter 5 Effect bf Ba2+_ and Ti4+_site substitutions on the dielectric properties of BaTi20~ 
2+ . .4+ . 
In this ehapter, the effeet.s of Ba -site a:nd T1 -srte 
substitutions (A-site and B-site substitutions) on the 
dielectric properties of BaTi~05 were investigated. The 
b-axis oriented poly- and single crystalline BST2Z and 
B CT2Z were obtained by arc and floating zone melting, 
res~ectively. For BST2~ the a-axis length incieased with 
 increasing the content of Zr02･ For 'BCT2Z the a-, b- and 
c-axes lengths first increased and then decreased slightly 
with increasing the content of CaO. The Curie tempefature of 
co-substitute~ poly-crystalline BaTi205 with SrO and Zr02 
deereased from 750 to 640 K with increasing R (= Zr / 
(Ti+Zr), Sr_ = O:O1) up to 0.03. The Curie tempierature of 
co-substituted, poly-brystalline BaTi20s With CaO and ZrO,_ 
decreased from 750 to 716 K with increasing R (= Ca / 
(Ba+Ca), Zr = d.005) up to 0.03. The Curie temperature of 
single crystalline speeimens showed ahnost the same change 
with that of poly-crystallin~ specimehs. The Curie 
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Fig. 3 Maximum permittivity of poly-crystalline 
(Ba,A)(Ti,B)205 prepared by arc melting. 
temperature of co-~ubstituted single' crystalline BaTi20s With SrO and Zr02 decreased from 750 to 706 K with 
increasing R up to 0.01. The Curie teinperature of co-substituted single crystalline BaTi205 with CaO and Zr02 
deereased from 750 to 7 1 2 K with increasing R up to 0.03. Figtire 3 showed the effect of the Ba2+*site and Ti4+_site 
substitution content on the maximum permittivity of the (Ba,A)(Ti,B)205 specimens. The maximum permittivity 
of co-substituted BST2Z and BCT2Z showed a highest value at R = 0.005 and 0.03, respectively. The highest 
vaiues of the maximum penrrittivity for both arc- and FZ-melted (Ba,A)(Ti,B)205 specimens were shown in Table 
1 . The fen'oelectricify of co-substituted BST2Z specimen (Pr =1 .8x I 0~2 Cm~2) was improved compared with that of 
BaTi205 (P* =1 .3x 10'2 Cm~2). The electrical conductivity of BaTi205 with co-substitutions was lower than that of 
BaTi205. 
Chapter 6 Comparisons of the dielectric properties of BaTi205 with foreign element substitution 
In this ehapter, the dielectric properties (i.e. Curie temperature, permittivity, electric conductivity and 
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ferroelectricity etc.) of poly- and single crystalline BaTi205 prepared by arc melting and floating zone melting 
were compared. The substitutions of CaO, Ta20s and Zr02 Were effective to improve t.he permittivity, decrease the 
Curie temperature and improve the ferroelectricity of BaTi205, respectively. The Ba-site substitution, especially 
the ~r elerylent, was effecti.ve to obtain the large-size single crystalline specimen. For A-site substituted specimens 
nb relaxor behavior was observed. For B-site substituted specimens the relaxor behavior was observed when the 
Zr02 and Ta205 content were more than R = 0.05 and 0.025, respeetively. 
~ ~.;~ 
Chapter 7 Conclusions 
In this chapter, this study was summarized. 
The poly- anc single crystalline BaTi205 substituted with foreign elem6nts were first successfully obtained. 
The effect of foreign element substitution on the dielectric properties of BaTi205 prepared by melt-solidification 
was investigated. BaTi2Q5 Would be a promising lead-free material used at higher temperatures due to the high 
permittivity and the high Curi~ temperature. 
Table I The highest values ofthe maximum permittivity of BaTi205 With different substitutions. 
   Arc-melted specimens (Poly-crystalline specimens) F~melted specimens (Single c.rystalline specimens) 
     Foreign elements Composition e;max Composition elmax 
     Sr R = 0.01 3300 R = O:O1 42190 
     Ca R = 0.03 4950 ~ = 0.01 22400 
     Mg R = 0.005 3250 R = O.005* 5800* 
     Zr R = 0.005 3050 R = 0.005 20,000. 
     Ta R = 0.0025 3880 R ~ 0.005* 27000* 
     Sr and Zr Sr = 0.01, R f 0.005 3880 Sr = O..Ol, R = O 005 27000 
     Ca and Zr R = 0.03, Zr = 0.005 623 o R = O.005, Zr = 0.005 l 6000 
* Poly-crystalline 
-650-
~~'= 
 論文審査結果の要旨
 本研究では、新規無鉛強誘電体材料斑Ti凸の性能を向上するため、アーク溶解および浮遊帯域溶融法
 によりゐ軸配向したBaTi205多結暴および単結晶を作製し、BaTi205の誘電的性質に及ぼす種々の異元素置
 換の影響を調べた。本論文は全編7章から構成されている。
 第1章では、緒論として本研究の背景と目的を述べた。
 第2章では、BaO-TiO2系相状態図、肱TiO3およびBaTi205についてこれまでの報告をまとめた。また、
 アーク溶解および浮遊帯域溶融法(FZ)を紹介した。
 第3章では、BaTi20暮の誘電的性質に及ぼすBaサイトの異元素置換(Sr、Caおよび㎏)の影響を調
 べた。SrO、CaOおよび㎏0の添加により、アーク溶解法で作製したBaワ肖i205多結局のキュリー温度は750
 Kから、それぞれ、703、685および666Kに低下した。また、BaTi205多結贔の最大誘電率も1800から、
 それぞれ、3300、4950および3250に増大した。FZ法により作製したBaTi205単結晶のキュリー温度は
 多結晶とほぼ同様に変化したが、誘電率の最大値はSrO、CaOおよび㎏0置換では、それぞれ、42190、
 22400および5800であった。いずれの電気伝導度はBa?i205より小さかったが、残留分極値は舳Ti205
 より大きかった。
 第4章では、Ba?i205の誘電的性質に及ぼすTiサイトの異元素置換(ZrおよびTa)の影響を調べた。
 ZrO2およびTa20春の添加により、アーク溶解法で作製したBaTi205多結晶のキュリー温度は7501Kから、.
 それぞれ、465および300Kに減少した。また、Ba?i205多結晶の最大誘電率は1800から、それぞれ、
 3050および3880に増大した。FZ法により作製したBaTi205単結晶のキュリー温度は多結晶とほぼ同様…
 に変化したが、誘電率の最大値はZrO2およびTa205の添加により、それぞれ、20GOOおよび37000であ
 った。ZrO2添加したBaTi205の電気伝導度はBaヨri205より小さかったが3alO5添加したBaTi205の電気伝
 導度は上昇した。いずれの残留分極値もBaTi205より大きかった。ZrO2およびTa205添加したBaヨli205は
 リラクサー的挙動を示した。
 第5章では、BaTi205の誘電的性質に及ぼすB&およびTiサイトの異元素複合置換の影響を調べた。
 SrO+ZrO2およびCaO÷ZrO2複合添加したBaTi20s多結晶の最大誘電率はそれぞれ、3880および6230であ
 り、単結晶では27000および16000であった。いずれの電気伝導度ともBaTi205より小さかった。
 第6章では、BaTi205の誘電的性質に及ぼす種々の異元素置換の影響を比較した。CaO添加したBaTi205
 の誘電率は最も大きく、Ta205添加したBaTi205のキュリー温度は最も低下し、ZrO2添加したBaTi205の
 残留分極値は最も大きかった。Tiサイトの置換によりBaTi幽はリラクサー的挙動を示したが、3aサイ
 トを置換したBaTi205はリラクサー的挙動を示さなかった。また、SrOの添加は、大きな単結贔の作製
 に最も有効であった。
 第7章では、本研究で得られた結果を総括した。
 本研究により、わ軸酎向したBaTi205多結晶が得られ、異元素置換によりBaTi20紅のキュリー温度を広
 い範囲で制御でき、誘電率および残留分極値も大幅に向上した。本研究は、異元素置換による強誘電体
 材料の性能向上に大変有益な知見を得たものであり、新規無鉛強誘電体秘料の開発にも大きく寄与した。一
 よって、本論文は博士(工学)の学位論文として合格と認める。
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